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INTRODUCTION
46
Aroma is one of the most outstanding aspects related to food preferences and choices, 47 especially in the case of wine, in which consumption is mainly triggered by a hedonic 48 motivation. Therefore, aroma represents a relevant aspect in wine research and many 49 interesting works have focused in the characterization of aroma impact compounds of different 50 wine types [1] [2] [3] . However, the retronasal aroma profile of a food during consumption might 51 better represent the aroma fraction involved in the interaction with the olfactory receptors than 52 the orthonasal aroma profile, therefore, it should be more closely related with aroma perception 
54
In the case of the consumption of liquid foods, such as wine, retronasal aroma is produced by 55 the breathing airflow after swallowing sweeping the aroma molecules retained in the oral or 56 throat cavities travelling via the nasopharynx from the mouth or throat to the nose 5-7 . It has 57 been shown that orthonasal (odor sense when smelling a food) and retronasal aroma perception 58 can be different [8] [9] [10] . Different factors involved in the intra-oral release of aroma compounds avoiding the influence of different factors other than those of interest in this work (saliva effect 116 and wine type), both methodologies were applied to reconstituted wines (with different non-117 volatile wine matrix composition) and a synthetic wine (with no matrix effect) keeping the 118 concentration of ethanol and aroma compounds the same. In addition, two types of saliva
119
(human and artificial) and control samples (with water) were used to better understand the 120 different mechanisms that saliva might induce on the release of aroma compounds from wine.
121
MATERIAL AND METHODS
122
Wine samples 123 Two commercial Spanish wines representative of different wine matrix compositions were 124 selected for this study: a young Verdejo white wine (W-wine), and a young Tempranillo red 125 wine (R-wine).
127
Reconstituted wines
128
Deodorization procedure 129 Deodorized wines (750 mL of each) were transferred to 250 mL vials and were completely 137 dried in a lyophiliser (Labconco, Kansas City, MO, USA). Five samples per wine type were 138 prepared using this procedure. To replace the oxygen from the samples, all the dry samples 139 were exposed to a Nitrogen atmosphere and stored at 4 ºC until sample preparation. This 140 procedure practically ensured the complete elimination of the original aroma compounds in the 141 wines as was confirmed by HS-SPME-GC/MS analysis. Table 1 . This table also shows some of the typical gas chromatography 149 and physicochemical properties of these compounds.
150
Stimulated human saliva was collected from 20 volunteers as described before 46 . Participants
158
could not consume food and water one hour before sampling. To stimulate production,
159
volunteers chewed a little piece of Parafilm™ and spat out as much saliva in a bottle as they 160 could. Sodium azide (NaN 3 , Sigma-Aldrich, Saint Quentin Fallavier, France) was added at a 161 final concentration of 0.02% to avoid bacteria and fungi contamination and development. To 162 obtain most representative salivary composition, the different saliva samples were pooled,
163
mixed and centrifuged at 15000 g for 15 min. After that, the salivary pool was filtered through 164 a 0.22 µm Sartorius device under vacuum at 4 ºC, to remove saliva bacteria. Finally, saliva was 165 sampled into pots of 20 mL and stored at -80 ºC until use.
166
Artificial saliva 167 Artificial saliva was prepared as previously described 24 by dissolving in 1 L of water (purified Sigma, (Milan, Italy). The artificial saliva was stored at 4 ºC until use.
171
Static Headspace-SPME sampling procedure 172 In the human mouth, the average ratio liquid food/saliva had previously been shown to be 5/1 173 w/v 38 . Therefore, blends containing the reconstituted white and red wines (W-wine, R-wine) or previously pre-incubated for 12 min at 36 ºC. In the control wine, the extraction was performed control. An agitation rate of 150 rpm was employed. This last orifice was firmly sealed around 210 the stir bar shaft with a septum to avoid leaks from the flask. During the experiment setup, the 211 sample was added to the apparatus using a glass funnel.
212
Following the above mentioned 5/1 average ratio liquid food/saliva in the human mouth, 10 ml 213 of water, human saliva or artificial saliva were transferred into the sample flask (100 ml) which 214 was kept at 36 ºC, and then 50 mL of wine were then added. The headspace was continuously 32.3 ºC that might correspond with the introduction of the sample in the mouth (oral-phase).
221
The second sampling point (t = 10 min at 36 °C) was more related to the post-oral phase in 222 which aroma from the remaining wine sample could be released within the oral cavity at 223 physiological temperature. In both cases, extraction was performed for 2 minutes. Two or three
224
replicates for each sample type were analyzed depending on the experiment.
225
It has been shown that inter-fiber repeatability is lower than the intra-fiber accuracy [50] [51] [52] .
226
Therefore, a preliminary inter-fiber repeatability study was performed in order to select the most similar fibers to complete the study. For this study nine SPME fibers were used to recover 228 the 45 aroma compounds of the aroma mixture added to synthetic wines, and the two SPME 229 fibers exhibiting the lowest variation (less than 10 % RSDs for the extraction of the same 230 aroma compound) were selected and used for the complete set of experiments.
231
In addition, because the dynamic HS-SPME sampling approach is based in a non-equilibrium 232 situation, a linearity study was carried out in order to seek the relationship between the 233 adsorbed amount of volatiles on the fiber and their initial concentration in the sample. Table 1 .
257
The identification of compounds was based on their retention indexes (RIs), comparison of 258 retention times and mass spectra. RIs were calculated from the retention times of n-alkanes
259
(C5-C30) on the same column. The mass spectra were compared with those from three 260 databases: NIST 2.0, WILEY 138 and INRAMASS (internal database achieved using standard 261 compounds).
262
To avoid possible wine matrix interaction phenomena 47 instead of using an internal standard
The protein concentration was determined using Bradford protein assay Quick Start (Bio-Rad,
273
France) with gamma-globulin as the standard for calibration. Rockville, MD, USA).
289
RESULTS & DISCUSSION
290
To understand the effect of saliva composition on the release of aroma compounds, two types 291 of wines, a white and a red wine were previously deodorized, reconstituted to the same ethanol 292 content and aromatized at the same concentration with the aroma mixture ( Table 1) . With this 293 procedure, it was guaranteed that ethanol did not affect the partition of volatile compounds into the headspace and that both wine matrices had the same concentration of aroma compounds.
295
Therefore, the main differences between both wines were exclusively due to their matrix 296 composition. for proteolysis activity, which was higher in our study. In addition to the two types of saliva,
315
control experiments were also performed by adding the same amount of water instead of saliva.
316
With this control, we also eliminated the dilution effect exerted by saliva on volatile release, 317 which has also been described 28, 55 previously validated static HS-SPME approach (see Table 1 in supporting information).
331
Preliminary experiments were performed in order to determine the equilibration time ( factors on aroma release in static headspace conditions.
350
To gain insight on the impact of saliva on aroma release depending on wine matrix 351 composition, a LSD test was also carried out for each type of wine and for each aroma 352 compound. Table 3 shows these results taking into consideration the different aroma chemical aroma compounds assayed were less released when human saliva was added to the wine.
359
However, in the case of white wines this effect was more dependent on the type of aroma 360 compound. For example, the addition of human or artificial saliva did not affect the release of 361 any of the alcohols of the aroma mixture. As it can be seen in the table, the effect of saliva 362 seemed to be much lower in the case of synthetic wines.
363
To better understand the way in which both factors (type of saliva and wine matrix) affected the affecting the volatile compounds employed in this study.
386
For instance, it is already known that wine polyphenols, which are more abundant and values of white and red wines with the two types of saliva and water were also determined.
393 Table 4 shows that the viscosity values determined in all the wines were very similar ranging 394 from 6.9 mPa*s for the white wine with water to 7.4 mPa*s for the white wine with artificial 395 saliva. Therefore, there were not any substantial differences between red or white wines.
396
Although an increase in viscosity induced by saliva has been proposed in order to explain the 397 lower aroma release observe in oil/water emulsions 12, 28 , the low volume of saliva compared to 398 the wine (1:5) employed in this study, might not be enough to provoke a clear effect, at least in 399 static headspace conditions as used here. Therefore, this factor did not seem a determinant 400 parameter responsible for the higher retention of aroma compounds determined in red wines 401 and specifically in those with human saliva.
402
The buffering capacity of saliva might be another important factor to explain aroma release, and this could be due to its higher original pH compared to the human saliva. Therefore, differences induced by changes in pH did not seem relevant to explain the differences in the 413 behavior of the aroma compounds in both wines whatever the matrix and the type of medium. (1667 mg mannose/L) (see Table 2 ). accounted for in wine (12 % ethanolic system at pH 3.5). Therefore, it seems difficult to obtain 472 straightforward relationships between the decrease in ester release and saliva esterase activity.
473
Effect of saliva on aroma release using dynamic headspace conditions 474 In the present work, aroma release from different wine matrices in dynamic conditions was 475 determined by using a bioreactor cell with controlled temperature and agitation conditions at Aroma release data collected from t = 0 and t = 10 minutes are shown in Tables 5 and 6 483 respectively. These data were submitted to two independent two way ANOVA (one for each 
501
In terms of amount of aroma release, it is interesting to notice that higher release for most of 502 the aroma compounds were found during the post-oral release step (t = 10 minutes) ( Table 6) 503 compared to the oral phase ( 
519
To extract more conclusions on the role of saliva on aroma release using dynamic conditions, a
520
LSD test for mean comparison was also performed for each type of wine (red, white and 521 artificial) in the oral and post-oral phases. These results are also shown in Tables 5 and 6.
522
Results show that during the oral-phase (t = 0), only three terpenes (α-and β-pinene and 523 limonene) showed significant lower release in the three types of wines with saliva (human and 524 artificial) ( Table 5 ). The same compounds were significantly less released in white and red
525
wines with saliva during the post-oral phase (t = 10) ( 
541
In order to better understand the impact of saliva on aroma release in the three types of wine 542 matrices, aroma release data (peak area) taken at t = 0 and t = 10 minutes were independently 543 submitted to PCA. Figure 3a shows the representation of the two first principal components 544 obtained after the application of this test to aroma release data collected from the wines at t=0.
545
Both PCs explained more than 65% of data variation. As it can be seen (Figure 3 
580
In conclusion, the main finding of this work is that saliva has an important effect on aroma 581 release from wine and this effect was different depending on wine matrix composition. In 582 addition, we found differences depending on using human or artificial saliva, therefore proving 583 that other proteins than mucins seem to have an important role on aroma release. Moreover, it 584 has been shown that the effect of saliva on wine aroma release is more evident when using 585 static than dynamic headspace conditions. In general, human saliva produces lower release for 586 most of the wine volatile compounds, and this effect was more important in red than white conditions, could represent a more dynamic process to that used in the present work, in which 597 saliva is continuously produced and replenished (incorporating more proteins to interact with 598 aroma compounds, or enzymes) and also "fresh" sample is continuously being provided.
599
Therefore, the extent of its effect could be higher than that determined with the experimental in 600 vitro dynamic headspace conditions used in this study. On overall, this work will contribute to gain insight on the role of oral physiology on wine aroma perception, which should be taken 602 into consideration in the production of high quality wines for targeted groups of consumers. Table 1 . Table 2 . Chemical composition of the red and white wines employed in this study. 
